approximately every 4 weeks. In Group C, peak responses were high during the period of seasonal quiescence January\p=n-\June; mean range 14\ m=. \ 2\ p=n-\ 19\ m=. \ 6ng/ml) and fell significantly (P < 0\m=.\02) at the beginning of the breeding season in early July to 7\m=.\4\m=+-\3\m=.\1 ng/ml. In Group M1, prolactin levels remained low ( 2\ m=. \ 8\ p=n-\ 8\ m=. \ 2ng/ml) throughout the course of the experiment while in Group M2, response to domperidone fell following the insertion of the implants and subsequently remained at levels similar to those in Group M1, Our data support the hypothesis that photoperiod-induced changes in the secretion of melatonin after the winter solstice drive this species into seasonal quiescence by influencing the dopaminergic control of prolactin secretion.
Introduction
The Bennett's wallaby (Macropus rufogriseus rufogriseus) and the related tammar wallaby (Macropus eugenii) are seasonally breeding macropodid marsupials in which the breeding season begins shortly after the summer solstice. Reactivation of a quiescent corpus luteum (CL) and concommitant increase in secretion of progesterone causes the reactivation of a quiescent embryo (tammar: Andrewartha & Barker, 1969; Tyndale-Biscoe & Hawkins, 1977;  Tyndale-Biscoe & Hinds, 1984;  Bennett's wallaby: Merchant & Calaby, 1981; Fleming et ai, 1983 ; . Birth occurs 27-29 days after the reactivation ofthe CL and is followed by a post¬ partum oestrus. The resulting conceptus develops to an 80-100-cell unilaminar blastocyst which then normally remains in a state of embryonic quiescence through to the start ofthe next breeding season 11 months later (Berger & Sharman, 1969 ; Tyndale-Biscoe et ai, 1974; Merchant & Calaby, 1981) . Females will exhibit regular oestrous cycles during the breeding season unless the sucking stimulus of a pouch young maintains the CL in lactational quiescence (Hinds & Tyndale-Biscoe, 1982; Curlewis et ai, 1987) . Loss or removal ofthe pouch young causes the reactivation ofthe CL and birth and post-partum oestrus follow 27-29 days later (Merchant & Calaby, 1981) . From shortly after the winter solstice removal or loss ofthe pouch young does not cause reactivation of the CL in either species and the female remains in a state of reproductive quiescence which is known to be regulated by photoperiod (seasonal quiescence). In both the tammar and Bennett's wallaby artificial reductions in photoperiod or treatment with melatonin during the period of seasonal quiescence are capable of causing the reactivation of the quiescent CL (tammar: Hinds & den Ottolander, 1983; McConnell & Tyndale-Biscoe, 1985; McConnell et ai, 1986;  Bennett's wallaby: Loudon et ai, 1985; Brinklow & Loudon, 1989) .
There is evidence that prolactin is the hormone responsible for the maintenance of luteal quiescence. In the Bennett's wallaby, reactivation of the CL after the removal of pouch young in the breeding season can be blocked by daily injections with ovine prolactin or the dopamine antagonist domperidone which provokes a release of endogenous prolactin (Curlewis & Loudon, 1988) . In both species of seasonal wallaby, the dopamine agonist bromocriptine causes reactivation ofthe CL in animals suckling pouch young during the breeding season (Tyndale-Biscoe & Hinds, 1984; Curlewis et ai, 1986; Curlewis & Loudon, 1988b) . In the Bennett's wallaby, the action of bromocriptine has been shown to be blocked by simultaneous treatment with ovine prolactin (Curlewis & Loudon, 1988b) . During the period of seasonal quiescence in both species, photoperiodinduced reactivation of the CL can be blocked by simultaneous treatment with ovine prolactin (Brinklow & Loudon, 1989; Hinds, 1989 In the Bennett's wallaby, the onset of seasonal quiescence arises as a direct result of response to the increase in photoperiod 6-8 weeks after the winter solstice . Animals maintained in winter solstitial photoperiods from the winter solstice fail to enter quiescence at the normal time . In the tammar wallaby, denervation ofthe pineal gland during the breeding season prevents the establishment of seasonal quiescence (Renfree et ai, 1981 ). Together, these data lend support to the hypothesis that a changing melatonin signal shortly after the winter solstice provides the cue which causes the transition from the breeding season to seasonal quiescence.
The present experiments were designed to test this hypothesis. Continuously secreting melatonin implants were used to prevent the animal from perceiving a normal day-night pattern of secretion. Implants were administered shortly before the normal onset of seasonal quiescence (December). Implants were also administered early in seasonal quiescence (February), at which time of year we have previously shown wallabies to be unresponsive to treatment with melatonin ). Further, we examined the effects of such treatments on the dopaminergic control of prolactin secretion, the pituitary hormone which has been implicated in the control of ovarian quiescence in this species.
Materials and Methods
Animals. The Bennett's wallabies used in these experiments came from the Institute's colony established at Whipsnade. They were collected in the middle ofthe breeding season (October) and were maintained at the Institute of Zoology, Regent's Park, London, under conditions of natural photoperiod and temperature on a diet of pelleted grass nuts, hay and water ad libitum as previously described (Curlewis et ai, 1986) . Animals weighed 15 + 1-2 kg. All animals were suckling pouch young between 1 and 3 months of age. Pouch young were removed in October and the animals were subsequently maintained in the absence of males.
Experimental treatments. Three groups of animals were maintained as above from mid-December to late August. Group Ml animals (N = 6) were given a single s.c. melatonin implant on 14 December, Group M2 animals (N = 5) were given a single s.c. melatonin implant on 16 February and Group C animals (N = 7) remained as unimplanted controls. Melatonin implants were prepared in a Silastic elastomer as previously described and contained 0-5 g melatonin/implant with a surface area of 7 cm2.
Prolactin response to domperidone and blood sampling. Basal concentrations of prolactin exhibit no significant seasonal change in wallabies (Curlewis et ai, 1986) . Here, we assessed the effects of experimental treatment on the dopaminergic control of prolactin secretion by determining the response to a fixed dose of the dopamine antagonist, domperidone (Motilium: Janssens Pharmaceuticals, Grove, Oxon, UK) which we have previously shown to elevate plasma concentrations of prolactin (Curlewis & Loudon, 1988b ). In the current study, the prolactin response to a 1-mg dose of domperidone was determined on 8 occasions in weeks beginning 12 January, 9 February, 8 March, 6 April, 10 May, 1 June, 6 July and 26 July. Domperidone was obtained in solution and diluted to 1 mg/ml in sterile saline. In each of these weeks, animals were treated by subcutaneous injection with 1 ml saline (0-9% NaCl) or domperidone, the treatments being reversed 2-3 days later such that every animal received both saline and domperidone. Blood samples were collected into heparinized tubes from the lateral tail vein just before injection (tO) (1986) . The assay standard was ovine prolactin (NIADDK, PRL-S15). The limit of detection ofthe assay (95% probability of being distinguished from zero) was <0-78 ng/ml plasma, which was equivalent to the lowest standard concentration. The intra-assay coefficients of variation (CV) were 1-6, 6-5 and 3-8% at 3-1, 5-8 and 12-4 ng/ml and the interassay CVs were 180 and 8-2% at 2-5 and 17-9 ng/ml respectively (n = 20). A detailed description of the radioimmunoassay for progesterone in plasma in the Bennett's wallaby has been given by Curlewis et ai (1987) . Plasma samples were extracted with n-hexane. The limit of detection ofthe assay was below the lowest standard of 20 pg/ml plasma, the intra-assay CVs were 4-8 and 6-7% respectively at 188 and 708 pg/ml and the inter-assay CVs were 17-4 and 18-1% at 249 and 477 pg/ml progesterone. Progesterone values of > 300 pg/ml in this species are considered to be indicative of an active CL (Curlewis et ai, 1987) .
Plasma melatonin concentrations were determined by direct radioimmunoassay using the method of Webley et ai (1985) as described for the wallaby by Curlewis & Loudon (1988a) . The limit of detection ofthe assay was 5 pg/ml plasma. The intra-assay CVs at 9 and 23 pg/ml melatonin were 21-5 and 41% respectively and the inter-assay CVs at 7-5, 25 and 90 pg/ml were 19-5, 16-3 and 12-4% 
Results

Timing of seasonal quiescence and concentrations of melatonin
The plasma progesterone profiles for Groups C, Ml and M2 are shown in Fig. 1 . Out of 5 control animals, 2 had ceased cycling by the beginning of the experiment (Nos 1 and 2) and the remaining 3 animals had ceased cycling by 15 March. In this group, the onset of the subsequent breeding season which was defined by a rise in plasma progesterone concentrations above 300 pg/ml occurred on 5 July ( ± 6-9 (Nos 13-15 ). Melatonin concentrations on 22 March in the implanted animals were lower in animals in Group Ml than in M2 but there were no significant differences between day-and night-time values (Group Ml: 72 ± 6-9, 66-7 ± 5-7 ng/ml; Group M2: 89 ± 12-3 and 82 ± 10-9 ng/ml at mid-day and mid-night respectively).
Prolactin response to domperidone
Analysis of variance revealed that there was no significant effect of time of year or treatment on pre-injection prolactin concentrations or on plasma concentrations 30 min after saline injection. This is in accord with our earlier published observations on this species (Curlewis et ai, 1986 Fig. 2 ). In Group Ml, concentrations remained low throughout the experimental period (range 2-8-8-2 ng/ml; Fig. 2 
Discussion
We have demonstrated elsewhere that the onset of seasonal quiescence in this species occurs as a result of the response to the small increase in photoperiod which occurs up to 6 weeks after the winter solstice at latitude 52° . All animals treated with melatonin from December continued to cycle for 6 months, encompassing the entire period when control animals were in reproductive quiescence. Data from Group M2 (implanted in February) are less clear since 3 animals were in quiescence and reactivated in response to melatonin treatment while 2 had not entered quiescence and were cycling at the time of implant insertion. After treatment with melatonin, all 5 animals in Group M2 continued to cycle until the end ofthe experiment in August (see Fig. 1 ). Animals in both groups therefore responded to melatonin in a similar manner by cycling throughout the period when the control animals were in seasonal quiescence.
The results presented here support the hypothesis that treatment with melatonin implants before the onset of seasonal quiescence prevents the transition from the breeding season to seasonal quiescence by masking the photoperiodically regulated melatonin signal. Day-time concentrations of melatonin in implanted animals were approximately 3-4 times higher than those which we have previously reported for this species (Curlewis & Loudon, 1988a) and there were no differences between day-and night-time concentrations. Our results are comparable to those reported by Renfree et ai (1981) who demonstrated that denervation ofthe pineal gland by superior cervical ganglionectomy during the breeding season caused animals to continue to exhibit reproductive cycles throughout the normal period of seasonal quiescence. In this study, ganglionectomy abolished the normal pattern of day-night plasma melatonin secretion and in both this study and our own the patterns of melatonin secretion were abolished. These data lead to the hypothesis that the change in pattern of melatonin secretion after the winter solstice is required to drive the animal into seasonal ovarian quiescence. In the absence of a clear signal as a consequence of either pineal denervation or a 'blocking' melatonin implant, the animal exhibits a default response and breeds continuously. We have demonstrated that the onset ofthe breeding season after the summer solstice occurs as a result of refractoriness to a previously inhibitory photoperiod rather than a response to a decline in daylength 2-3 weeks after the solstice . However, our data differ from those in sheep in which it has been shown that changes in physiological state occur irrespective of the prevailing melatonin signal (Lincoln, 1980; . Sheep maintained in fixed summer solstitial photoperiods from the summer solstice spontaneously begin reproductive activity while animals maintained in winter solstitial photoperiods from the winter solstice spontaneously cease reproductive activity (Lincoln, 1980; Karsch et ai, 1986 Karsch et ai, , 1988 Malpaux et ai, 1989) . Thus, sheep seem to exhibit refractoriness at 'both ends' ofthe breeding season to short and long photoperiods and this can be explained as a manifestation of an endogenous circannual rhythm which is normally cued by photoperiod (Howies et ai, 1982; Karsch et ai, 1989) . However, in a recent study of another seasonal ruminant, the red deer hind, Adam et ai (1989) 
